Self-monitoring of lung function, vital signs, and symptoms is crucial for lung transplant recipients (LTRs) to ensure early detection of complications and prompt intervention. This study sought to identify patterns and correlates of adherence to self-monitoring among LTRs over the first 12 months post-discharge from transplant.
| INTRODUCTION
To date, more than 55 000 adults have undergone lung transplantation worldwide, a number largely limited by the scarcity of organ donors. 1 Despite improved physical functioning and quality of life, survival after lung transplantation is often compromised by the high susceptibility to infections and graft rejection with approximately 75% of lung transplant recipients (LTRs) developing infection and 50% developing acute rejection during the first year post-transplantation. [2] [3] [4] Thus, there is a pressing need to detect complications early and intervene promptly to maximize outcomes in LTRs. Frequent self-monitoring of health conditions at home has been shown to be a reliable and valid approach for promoting early detection and prompt treatment of complications to reduce morbidity and mortality after lung transplantation. 5, 6 Prior to discharge, LTRs are instructed to perform self-monitoring activities including daily assessment of lung function using a home spirometer, vital signs, and common symptoms of post-transplant complications. [7] [8] [9] One study showed that 100% adherence to home self-monitoring reduced total post-transplant medical costs by more than 50%. 10 Despite the well-recognized importance of self-monitoring, adherence to self-monitoring among LTRs is less than ideal, 8, 11 with nonadherence rates for performing spirometry reportedly as high as 54.6% and 65.9% at 12 and 24 months post-transplant, respectively. 8 Without a clear understanding of the patterns and correlates of adherence to self-monitoring, it is difficult to design, implement, and evaluate interventions to address this problem.
According to the World Health Organization (WHO), there are five major dimensions affecting adherence behaviors: (i) social/economic factors; (ii) patient-related factors; (iii) condition-related factors; (iv) therapyrelated factors; and (v) health system-related factors. 12 Factors in each of the five dimensions have been examined in the context of adherence to self-monitoring after lung transplantation. 8, 11, 13, 14 Yet, the published evidence regarding the correlates of adherence to self-monitoring has been limited in several ways. First, the evidence is limited in quantity.
Our recent literature search 15 of five large medical and nursing databases yielded only four published studies 8, 11, 13, 14 
| METHODS

| Study design
This study was a secondary analysis of prospectively collected data from a completed randomized controlled trial, Phase III Trial of Pocket PATH ® : A Computerized Intervention to Promote Self-Care (R01NR107011, PI: DeVito Dabbs). 18 The primary aim of the parent study was to test the efficacy of a mobile health intervention, relative to usual care, to promote self-care behaviors (including adherence to daily self-monitoring) during the first year following discharge from the lung transplant hospitalization. 
| Sample and setting
We examined only the usual care group of the parent study for this investigation because our aim was to describe underlying patterns of adherence to self-monitoring in a naturalistic setting but the Pocket PATH intervention might influence adherence to self-monitoring.
Eligibility criteria for the current study were: (i) lung transplant recipi- follow-up assessments, they were asked to bring paper logs for data collectors to make photocopies. Adherence was calculated as the percent of days that LTRs recorded data for any health indicator on the paper logs and this was calculated for each of the three intervals (hospital discharge to 2 months, 2-6 months, and 6-12 months). These intervals were selected to be consistent with the measurement time points in the parent study. Total days per interval were adjusted for any days that LTRs were re-hospitalized and therefore not expected to perform self-monitoring at home.
| Potential correlates of adherence to selfmonitoring
The choice of the potential correlates of adherence to examine in our analyses was informed by prior studies 8, 11, 13, 14 
| Patient-related factors
Self-care agency, defined as ones' willingness and ability to perform self-care, was assessed using a 53-item scale, Perception of Self-Care
Agency, 20 Each subscale includes six items using a Likert scale of 1-6, which were summed for a possible range of 6-36. Higher scores reflect stronger beliefs in each of the three domains. Given that Cronbach's alpha was relatively low (0.43) for the externality subscale, we omitted it from our modeling processes.
| Condition-related factors
The underlying lung disease (obstructive vs nonobstructive) was collected from the medical record. The anxiety and depression subscales of the Symptom Checklist-90 (SCL-90) 23, 24 were administered at baseline, and longitudinally at 2, 6, and 12 months post-hospital discharge to assess symptoms of psychological distress during the past 2 weeks.
Items were formatted using a five-point Likert scale (0 "not at all" to 4 "extremely distressed"). The subscale scores were calculated by averaging the score for each item 23, 24 
| Therapy-related factors
| Health system-related factors
| Statistical analysis
| RESULTS
| Sample characteristics
Individuals who did not provide any adherence data (n=3) and those who died during the study (n=8) were excluded from the analysis, which yielded a final sample of 91 LTRs for analysis. Baseline characteristics of the total sample are displayed in n/a indicates that these variables were only examined descriptively but omitted from model building due to the limited variability in these variables.
a Medians and interquartile ranges were reported for those variables with outliers.
participants had above a high school education (68.1%) and reported having incomes that met their needs (80.0%). group started at a low percent of adherence (10.02%) at 2 months and declined to 1% adherence at 6 months and 0% at 12 months, meaning they performed minimal self-monitoring over 12 months. 
| Patterns of adherence to self-monitoring
| Baseline correlates of adherence to selfmonitoring
| Longitudinal correlates of adherence to selfmonitoring
| DISCUSSION
We applied group-based trajectory modeling to examine patterns and correlates of adherence to self-monitoring over the first year after discharge from transplant hospitalization. Findings revealed two distinct groups that showed different patterns of adherence to self-monitoring, namely a group of persistently nonadherent LTRs and a group that was moderately adherent with slow decline. We also identified several baseline and longitudinal correlates associated with trajectory group membership.
Although the moderately adherent with slow decline group demonstrated better adherence to self-monitoring than the persistently nonadherent group, the adherence level declined over time in both groups. This decline pattern in adherence behavior has been repeatedly observed in prior studies. 8, 18, [30] [31] [32] In addition, our results showed that even with the better adherence group, they only started with moderate level of 63.84% adherence to self-monitoring at 2 months post-discharge. Furthermore, majority of our participants were classified as persistently nonadherent. This suggests that adherence to self-monitoring is a problematic issue in LTRs. It is possible that LTRs performed the self-monitoring activities but did not record the readings on the paper logs. However, results from a prior study 11 that used a Bluetooth-enabled spirometer showed that the nonadherence to self-monitoring was as high as 59.4% over 3 months observation. The study by Dew and colleagues 8 in which a collateral report from the family members of LTRs was used also found the nonadherence to self-monitoring was as high as 54.6% by the end of 12 months observation. These data together suggest nonadherence to self-monitoring is prevalent in LTRs. 15 A previous report 8 revealed that LTRs stopped self-monitoring because they felt that their clinicians did not review the paper logs during office visits. This suggests that clinicians may need to reinforce the importance of self-monitoring and regularly check LTRs' paper logs and their adherence to self-monitoring during clinical follow-up visits. The study team led by DeVito Dabbs and colleagues 18 showed that it is possible to promote adherence to selfmonitoring using a mobile-based intervention. Future study may need to explore how to implement and sustain such effective strategies in clinical care practice and also test other possible cost-effective userfriendly strategies to promote self-monitoring behaviors in LTRs.
Having lower internal health locus of control beliefs at baseline was a significant correlate of membership in the persistently nonadherent group, which is consistent with findings of Dew et al. 8 that having a weaker belief that one's own actions influenced health outcomes increased the odds of being persistently nonadherent to performing spirometry. While the mean score of internal health locus of control for our overall sample is comparable to that in previous reports, 13, 33 our results showed that the persistently nonadherent group possessed a significantly lower internal health locus of control than the Our results demonstrated that poorer ratings for the physical health component of quality of life were associated with membership in the persistently nonadherent group over the 12 months postdischarge. This is consistent with findings of previous qualitative evidence that reported LTRs' views that their perceived poor physical health is a major barrier for adherence to self-monitoring of lung function 11, 34 It has been repeatedly reported that during the posttransplant honeymoon period, LTRs are often overly optimistic and anticipate steady improvement and a new life free of transplant-related complications. 35 When they then perceive their physical health to be poorer than expected, they may feel disappointed with the transplantation surgery and do not want to be reminded of their deteriorating status by having to record and view self-monitoring results
34
; thus, they may be less likely to engage in the instructed self-monitoring activities. We also found that reporting a higher baseline level of anxiety was associated with being persistently nonadherent. The negative associations between psychological distress and (i) self-care agency,
(ii) adherence behaviors and (iii) transplant-related health outcomes among LTRs and other solid organ recipients are well established. [36] [37] [38] Anxiety disorders are common in LTRs. [37] [38] [39] It is plausible that those LTRs with a high anxiety level may suffer excess or irrational fears and do not want to know daily results of self-monitoring. Thus, they may intentionally avoid self-monitoring. 39 Clinicians may need to identify LTRs with higher physical and psychological burden and intervene to promote adherence to self-monitoring and better outcomes.
We found that female LTRs were at increased risk of being in the persistently nonadherent group. Being female has also been found to be a significant predictor of nonadherence to home spirometry by Dew and colleagues. 8 While the reason for this finding has not been well examined, it is possible that female LTRs may have more competing priorities with self-management, 40 which lead to limited attention to their own health issues, and thus lower adherence. These findings suggest that clinicians may need to identify unique barriers to adherence among female LTRs and monitor their adherence more closely after discharge.
| Limitations
This study has several limitations. Because our aim was to describe the natural course of adherence to self-monitoring over the first year post-transplant, we only studied LTRs randomized to the usual care arm of the parent study, which provided a relatively small sample size for this analysis (N=91). However, we did employ several approaches (eg we screened univariate relationships first to identify candidate correlates (P<.30) in the multivariate models, and used backward elimination to reach a most parsimonious model) which permitted us to meet the recommended case-to-variable ratio of 10:1. 41 Also, we relied on paper logs as a proxy measure of self-monitoring, which may have underestimated adherence because participants may have performed self-monitoring but did not necessarily document these activities on the paper logs. Yet, it is worth mentioning that most of the transplant programs rely on paper logs for LTRs to record self-monitoring activities. Thus, the findings from this study could be informative to a broad audience. This study was conducted at only one transplant center which may have limited the generalizability; however, the characteristics of our sample were representative of the United States LTRs samples. 
